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Studies  vere  conducted  to  determine  the  effects  of  the  chemosteriJ.ant 
tepa  on  Plasmodium  gallinaceum  in  ^des  aegypti . It  uas  demonstrated  that 
holding  the  mosquitoes  on  a tepa  residue  of  10  mg./sq.  ft.  either  immediately 
before  or  after  they  fed  on  infected  chicks  caused  a reduction  in  the 
percentage  of  mosquitoes  that  became  infected  aiid  a reduction  in  the  mean 
ohcyst  count.  Similar  exposures  also  caused  reductions  in  malaria  trans- 
mission rates.  Other  e;-qperinents  demonstrated  that  tepa  reduced  the 
malaria  transmission  rates  ^.<iien  mosquitoes  infected  for  more  than  ik  days 
were  held  on  a tepa  residue  of  10  mg./sq.  ft.  Malaria  did  not  develop 
in  35  of  38  mosquitoes  that  fed  on  infected  chicks  one  hour  after  they  were 
inoculated  intraperitoneally  inLth  tepa  at  the  rate  of  100  mg. /kg.  Malaria 
developed  in  chicks  following  intramuscular  inoculation  lath  blood  samples 
talcen  from  infected  chicks  one  hour  after  they  -^;ere  inoculated  intra- 
peritoneally \n.th  tepa. 


Project  No..  6X61-13-001 


Title 


: Investigations  to  determine  the 

effects  of  insecticides 
( including  chemost erilants ) 
on  insects  infected  with 
pathogens . 

Task  No.  1 Title:  The  effects  of  a chemo- 

sterilant  on  malaria 
in  mosquitoes. 

Description: 

The  specific  aim  of  this  research  was  to  determine  if  a 
chemosterilant  could  affect  the  multiplication  or  development 
(or  both)  of  Plasmodium  gallinaceum  witnin  Aedes  aegypti. 

Progress : 

It  has  Deen  demonstrated  that  insects  can  be  sterilized  by 
chemicals  which  collectively  have  been  labeled  chemost erilants 
(LaBrecque.>  I961).  The  alklating  agents  tepa  . (tris(l-aziridinyl)phos- 
phine  oxide).,  met epa  (tris(2-methyl-l~aziridinyl)phosphine  oxide), 
and  apholate  (2,2,4,ii-,6,6-hexahydro-2^2^  J+,A,6,6-hexakis  (l-aziridinyl)- 
lj3i5;2^4,6-triazatriphosphorine)  have  been  investigated  more 
thorouglily  than  the  other  materials  and  small  dosages  will  steri- 
lize house  flies  (Kusca  domestica  L.),  Aedes  aegypti  (L.),  and 
Anopheles  quadrimaculatus  Say  (Weidhaas  et  al.,  I96I;  LaBrecque  et 
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al._,  1962;  Weidiiaas;  l>62j  Eddy  at  al.,  unpublished  data).  A-  aegypti 
can  be  sterilized  by  tepa  wheu.  they  are  exposed  in  the  larval  stage, 
vhen  adults  are  held  on  a treated  surface , when  adults  are  fed  sweetened 
water  baits  containing  the  chemical,  and  when  they  are  allowed  to 
engorge  on  animals  that  have  been'  inoculated  intraperitoneally • The 
present  study  was  conducted  to  determine  the  effect  of  tepa  on 
Plasmodium  gallinaceum  Brumpt  in  A.  aegypti. 

The  host  mosquitoes  were  the  Orlando  strain  of  A.  aegypti. 

They  were  infected  wiien  they  were  from  6 to  9 aays  old  and  thereafter 
were  maintained  on  a sugar  solution  and  held  at  approximately 

27^  C.  and  80'o  relative  humidity.  The  mcscuitoes  were  anesthetized 
with  ether  and/or  immobilized  by  holding  them  at  2®  C.  sc  that  they 
could  be  manipulated  In  each  ezcperiment  mosquitoes  for  a control- 
group  were  taken  from  the  same  brood  as  those  exposed  to  tepa  and 
both  groups  were  held  in  the  same  constant  temperature  box. 

Fresh  lots  of  tepa  were  obtained  monthly.  The  concentrated 
chemical  was  stored  at  2*^  C.  and  was  diluted  on  the  day  it  was  used. 

The  tepa  was  dissolved  in  absolute  methanol  and  applied  evenly  to 
the  inside  of  a 1-pint  glass  jar.  A glass  petri  dish  was  treated 
at  the  same  time  to  use  a<^  a cover  on  the  jar  while  the  mosquitoes 
were  being  exposed.  The  jar  and  petri  dish  were  air-dried  at 
approximately  27®  C.  for  4 to  22  hours  before  they  \rere  used.  In  all 
the  experiments  the  glass  surface  was  treated  with  approximately 
10  mg.  of  tep-a  per  square  foot.  The  tepa  was  bioassayed  in  each 
experiment  by  collecting  eggs  from  the  mosquitoes  that  had  been 
exposed  and  testing  them  for  viability. 


, -pc;  uso'i  i'-'.  tnese  studies.  The 

A hea\v  hreea  Oi  c-ti-i-c.us 

donor  cniov.s  were  inco-rloted  intre»^ocul.rXy  with  P.  SiiiS2££2! 

(strain  8A)  and  rsed  to  infect  the  .oac,.itoes  when  the  parasitemia 
approximated  £0;i.  Blood  smears  were  made  from  chic’is  used  in  trans- 
mission experiments  8,  9,  «nd  10  days  after  they  were  bitten  by 
aosq;uitoes . 

OBcyst  counts  vera  made  of  a rsprcsentativs  number  of 
mosquitoes  from  each  experiment  8 days  after  they  wera  inie^tad. 

■ va-e  made  ik  or  more  days  after  the  mosquitoes 

TransiHiss xon  atoerupL-o  _rctu.v- 

vere  infected. 

Development  of  y.la.rla  3^  moscuitois  infectea  a^  subse^n^ 
held  on  a teca  residue. 

Seven  e.xpariments  -.-ere  cov.ducted  to  de'cennine  the  effects 
of  tepa  on  ?.  valllnaceim  in  A.  aevyoti  when  the  m.sq.itcas  were 
given  an  infectious  blood  meal  and  subsequently  held  for  varying 
periods  of  time  on  glass  treated  with  approximately  10  ag./sq.  ft. 

j.-  n'vror->'-c  +hi=>  <= -•':yc'‘'’*"ed  r''*oscuitoe3  vere  put  on  the 

In  six  of  the  ex?criir.enos  tue 

, . T n-v.--,  QD  r -^^-’tes'  in  ey'neriment  nurfoer  7 tne  eii-goigcd 

teoa  in  less  onan  cnU  Linuc-co,  xu 

u.  + ua'-iQ  r^'^idu®  ^5  minutes  aften  iec:ding,. 

mosq.uitoe3  vere  put  on  one  tei«a  r^bxuo..- 

The  feeding  time  did  not  exceed  1 tour  in  any  ecreeriment.  The 

resiits  of  those  e;q:.eriments  are  shown  in  taoie  1. 

In  each  e3p>eriment  mosquitoes  from  the  same  brood' vere  infected 
on  the  donor  chick  appro-ulmately  30  minutes  after  the  tepa-treated 
Eoscuitoes  and  used  as  conoioLs. 
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To  deterains  if  the  oarasite  vas  developing  in  the  mosquitoes, 
samples  were  removed  from  the  cages  c days  after  their  infective 
meal  and  gut  dissections  for  o^dcyst  counts  were  made.  In  three  experi- 
mentG  there,were  no  oi!>cyGts  in  mosquitoes  that  had  been  e:q?osed  to 
tepa.  In  the  other  four  e:-rperirflents  there  was  a lower  rate  of  in- 
fection and  a smaller  mean  ohcyst  count  in  the  tepa-treated  mosquitoes 
than  in  the  controls.  The  majority  of  the  oScysts  in  the  tepa-treated 
mosquitoes  were  smaller  than  those  in  the  control  mosquitoes.  The 
results  of  the  dissections  are  shown  in  table  1. 

Transicission  attempts  were  made  with  individual  mosquitoes 
from  the  control  groups.  In  some  instances  the  transmission  attempts 
with  the  treated  mosquitoes  were  by  muTtiple  feedings . In  four  of 
the  five  experiments -^’hore  transmissions  were  attempted,  malaria  was 
transmitted  by  at  least  5070  of  the  control  mosquitoes,  whereas 
there  was  no  transmission  by  those  from  the  tepa-treated  group. 

In  the  other  exq)erira8nt  malaria  was  transmitted 'by  mosquitoes  from 
the  tepa-treated  pool,  but  the  rate  was  much  lower  than  that  obtained 
with  mosqi'itoes  from  the  control  group.  The  results  of  the  trans- 
mission attempts  are  shown  in  table  1. 

In  all  these  experiments  nonviable  eggs  were  collected  from 
the  mosquitoes  exposed  to  tepa,  demonstrating  that  the  chemical  was 
biologically  active.  Viable  eggs  were  collected  from  all  groups  of 
control  mosquitoes . 

In  two  of  the  experiments  there  was  high  mortality  in  the 
tepa-treated  groups,  both  in  the  exposure  jars  and  in  the  holding 
cages.  In  the  other  experiments  tepa  did  not  produce  any  obvious 


deleterious  effects. 
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Development  of  mala  rig  noscb-ltoes  held  on  a tepa  residue 
and  subsequently/  inf  set  ed. 

Five  experiments  were  conducted  to  determine  the  effects  of 
tepa  on  P.  gallinaceuzn  in  A.  aegyqoti  where  the  znoscuitoes  were  held 
for  varying  periods  of  time  on  glass  treated  at  the  rate  of  10  mg./ 
sq.  ft  and  given  an  infectious  blood  meal  immediately  afterwards. 
The  results  of  these  experiments  are  shown  in  table  2. 

In  each  e:>cperiment  mosquitoes  from  the  same  brood  were 
infected  on  the  donor  chick  approximately  2 hours  before  the  tepa- 


treated  mosquitoes  and  used  as  controls. 

Gut  dissections  for  obeyst  counts  were  made  8 days  after 
the  infective  meal.  In  all  the  ei-cperimenbs  there  was  a lower  rate 
of  infection  and  a smaller  mean  obeyst  count  in  the  tepa-treated 
mosqritoes  than  in  the  control  mosquitoes.  The  majority  of  the 
obeysts  in  the  tepa-treated  mosquitoes  were  smaller  than  those  in 
the  controls.  The  results  of  the  dissections  are  shoTvn  in  table  2. 


Transmissio?!  attempts  v.^ere  made  umth  individual  mosquitoes 
from  the  control  groups  (in  some  experiments  the  control  mosquitoes 
were  those  that  had  been  reported  in  the  experiments  shcvTn  in 
table  l). 


The  transmission  attempts  urith  the 
by  single  end  multiple  feedings.  In  one 
mosquitoes  from  the  control  group  transmi 
was  no  transraission  in  the  attempts  with 
In  the  other  two  experiments  malaria  ^/as 
treated  mosquitoes,  but  the  rate  of  trans 


treated  mosquitces  were 
of  the  experiments  21  of  3^ 
tted  malaria  whereas  there 
tepa-treated  mosquitoes, 
transmitted  by  the  tepa- 
mission  was  lower  than  that 
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obtained  vitli  raosquitoes  froia  tbe  controls.  The  results  of  these 
transmission 'attempts  are  shoi;n  in  table  2. 

In  all  these  experirjents  the  mosquitoes  ejjposed  to  tepa  did 
not  produce  e^gs.  Viable  eggs  were  collected  from  all  groups  of  , 
control  mosquitoes. 

The  mosquito  mortality  vas  high  in  the  tepa-treated  jar  in 
one  of  the  experiments,  but  the  survival  in  the  holding  cage  vas 
ncivcal.  In  the  other  experiments  the  tepa  treatment  caused  a 
reduction  in  the  nimsber  that  v/ould  bite  ahd  some  me:'; tality  in  the 
exposure  jars,  but  the  survival  in  the  holding  cage  vas  normal. 

The  effect  of  tepa  on  sporoooltes  in  the  sa.livary  glands 
of  mosquitoes . 

Table  3 gives  a suronary  of  five  e:;q)erli2ie:its  conducted  to 
ascertain  the  effect  of  tepa  on  sporozoites  in  the  salivary  glands 
of-  infected  mosquitoes  when  they  were  held  for  varying  periods  of 
time  on  glass  treated  with  approximately  10  mg. /sq.ft.  Th.e 

mosquitoes  used  in  these  experiments  were  selected  from  the  con- 
trols of  the  e:>q)eriinentG  that  have  been  reported  previously  and 
had  been  infected  1^4-  or  more  days- 

• Transmission  attempts  were  made  with  individual  mosquitoes 
from  both  the  tepa-treated  and  control  groups.  The  tepa-treated 
mosquitoes  were  offered  a recipient  chick  from  20  to  120  ipinutes 
after  they  were  remo'/ed  from  the  treatment  jars  and  the  mosquitoes 
that  fed  did  so  imnediat ely . Malaria  was  transmitted  by  at  least 
one  mosquito  from  each  group  that  had  been  exposed  to  tepa.  The 
rate  of  transmission  by  mosquitoes  from  the  tepa-treated  groups  was 
lower  than  their  respective  controls . 
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In.  exnavijjieiits  I3,  lY,  a:id  15  there  vas  high  mortality  in  the 
treatment  Jars  and  a poor  biting  rate  vrith  the  mosouitoes  exposed  to 
tepa.  In  the  other  two  experiments  there  was  low  mortality  and  a 
fair  biting  rate  (17/2O  fed  in  experiment  nuinber  16  and  12;  20  fed  in 
experiment  nimiber  17). 

The  tepa  residue  was  bioassayed  after  the  infected  mosquitoes 
had  been  removed.  This  was  done  by  holding  engorged  mated  6-day-old 
A.  negypti  in  the  treatment  Jars  for  appro:dr;:ately  3 hours  after  the 
infected  mosquitoes  had  been  exposed,  ho  viable  eggs  were  collected 
from  these  mosquitoes. 

The  effects  of  tepa  on  ^ mosquitoes  fo3. lowing  the 

simultaneous  ingestion  of  tepa  and  b.locd  from  infected  birds . 

Two  experiments  were  conducted  to  determine  if  P.  gallinaceum 
W'Ould  develop  in  mosquitoes  thap  engorged  on  infected  birds  previously 
inocuiated  ■^•n.th  tepa. 

In  those  experiments  pools  of  mosquitoes  for  controls  were 
fed  on  donor  chicks  Anlth  a parasitemia  of  approximately  50^- 
mediately  afterward  the  chicks  were  inoculated  intraperitonsally 
irith  an  aqueous  solution  of  tepa  at  the  approximate  rate  of  100  mg./ 
kg.  One  hour*  after  inoculation;  A-  aeg;\p>ti  from  the  same  broods  as 
the  controls  were  allowed  to  fed  on  the  donor  chicks  for  20  to  3^ 
minutes . 

Odcyst  c Glints  were  made  of  mosquitoes  from  each  ecxieriment 
8 days  after  the  infective  meal.  In  one  of  the  experiments  there 
was  no  oocysts  in  the  mosquitoes  that  had  fed  on  an  infected  chick 
after  it  had  been  inoculated  with  tepa.  In  the  other  experiment  3 


y; 


■ .i  ,rjif  ..  P . • ' 

,,«rf  ’■  ' -iMm 


• . • ;.^r-  ■ V 


'^iiiMil^^  !';  ■ ri'teiMRr  ■•■-.!■■■  . 

■ •?€,  JV. ■ W'-  '^' 

■ - ""• ' ‘ *d  ■ “ ■ v§  ' . ' i»<^''-'’'' '^V'^S 

lTilT^"'‘^r  • *;YiV‘:'2«6s  . ; .•},', ^ • '"■-■'•  ""  :‘:\‘  ‘‘;7;-^ 

' iji  - ■ . -"V":'  "■  'M ; . :'. 


•V  ■■  e-t*  " *■ 


iagj§,«5¥,u:^’ W"'-  '*  .iW'  5t:.'a--iJt'J«»  ft-V,-i?>«i. 

■S3.' \;.;;k  >^v'’' ■ ■■■'  ' r'','?y/.;':'.',‘i  ■ ‘iy.'|!3S  ' 

■’.-’''.>i  .i^^feaLf  •wJL  "tfiPrir.  :»*.•.  tu*»t«  %%  ■ . -i 


— .•■^->-  n-vi..'=‘.  '-i-fi-lc  v-i  . '^v  *p 


-8- 


Gnail  encysts  were  found  in  one  of  l6  mosquitoes  that  had  fed  on  an 
infected  chick  after  it  had  been  inoculated  with  tepa.  The  develoi>- 
ment  of  obeysts  in  the  mosquitoes  from  the  control  pools  was  consistent 
with  that  observed  in  the  other  controls  in  this  study.  The  results 
of  the  dissections  are  shc^/n  in  table  4. 

In  one  experiment  the  donor  chick  was  bled  with  a needle  and 
syringe  wet  with  heparin  after  the  second  lot  of  mosquitoes  had 


completed  feeding.  This  was  approximately  1-1/2  hours 

after  the  chick  had  been  inoculated  with  tepa.  Five  2- week- old 
chicks  were  each  inoculated  intramuscularly  with  0.2  ml.  of  the 
blood,  malaria  developed  in  all  five  of  the  chicks. 

Eggs  were  collected  from  the  mosquitoes  to  bioassay  the 
tepa.  Less  than  0.5^  of  the  eggs  from  the  tepa-treated  mosquitoes 
hatched  while  there  was  a normal  hatch  of  the  eggs  from  the  control 
mosGuitoes. 


At  a later  date  two  other  donor  chicks  with  a parasitemia 
of  approximately  were  inoculated  intrarjeritoneally  with  an 
aqueous  solution  of  tepa  at  the  rate  of  ICO  mg. /kg.  One  hour  after 


inocilation  the  chicks  were  bled  and  four  2-w'eek-old  chicks  were 


inoculated  intramuscularly  with  0.2  ml.  of  blood  from  each  donor 
bird.  Malaria  developed  in  all  eight  of  the  chicks. 
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SuciGary  and  Conclusions: 

Studies  were  conducted  to  determine  the  effects  of  the  chemo- 
sterilant  tepa  on  PlasmodiuiQ  ga-llinaceuiQ  in  Aedes  aeg;;,^ti . It  was 
demonstrated  that  holding  the  mosquitoes  on  a tepa  residue  of  10  mg./ 
sq.  ft.  either  immediately  "before  or  after  they  fed  on  infected  chicks 
caused  a reduction  in  the  percentage  of  mosquitoes  that  became  infected 
and  a reduction  in  the  mean  obcyst  count.  Similar  e^jposures  also  caused 
reductions  in  malaria  transmission  rates.  Other  experiments  demonstrated 
that  tepa  reduced  the  malaria  transmission  rates  when  mosquitoes  in- 
fected for  mere  than  l4  days  \:ere  held  on  a tepa  residue  of  10  mg./ 
sq.  ft.  Malaria  did  not  develop  in  35  of  ^6  mosquitoes  that  fed  on 
infected  chicks  one  hour  after  the^-  were  inoculated  intraperitoneally 
with  tepa  at  the  rate  of  ICO  mg. /'kg.  Malaria  developed 'in  chicks 
following  intramusevuLar  inoculation  with  blood  samples  taken  from 
infected  chicks  one  hour  after  they  were  inoculated  intraperitoneally 
with  tepa. 

These  exi^eri-ments  were  designed  after  learning  that  mosquitoes 
could  be  sterilized  by  resting  on  surfaces  treated  with  chemosterilants. 
It  was  /.  a0<=oned  that  sufficient  chemical  might  be  picked  up  to  prevent 
the  development  of  the  parasite  within  the  mosquito.  These  experi- 
ments proved  that  assumption  to  be  correct. 

Additional  experiments  are  needed  to  determine  how  the  chemo- 
sterilant  affects  the  Plasmodiv^m.  The.  mode  of  action  probably  varies 
V7ith  the  different  expeilments.  vJliere  the  insects  are  held  on  a 
treated  surface  immediately  before  or  after  the  infective  blood  meal 
seme  phase  of  the  sexual  development  is  probably  interrupted. 
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The  action  of  the  tepa  on  the  sporozoites  in  the  salivai^’-  glands 
is  possibly  different  from  the  acov^e.  The  effects  of  the  tepa  vhen 
infected  birds  are  inoculated  intraperitcneally  presents  still  other 
questions  for  it  my  have  affected  the  gain8tcc;)^e  in  the  bird  or  my 
interfere  -with  the  seicuai  development  of  the  malaria  in  the  moscuiro. 

The  present  study  is  not  sufficiently  definitive  to  form  any 
conclusions  as  to  the  practical  aspects  of  malaria  control-  with 
chemosterilants . The  results  of  these  experiments  dO;,  hovever^  lend 
support  to  the  theory  presented  by  Lindquist  (l96i)  that  more  rapid 
control  of  insect-borne  diseases  might  be  obtained  if  a sterilizing 
agent  could  be  developed  that  would  also  act  directly  on  the  parasite. 
The  techniques  used  in  this  study  provide  new  methods  of  investigations 
for  tepa_,  metepa;,  and  apholate  are  radicmimetic  and  can  be  used  to 
replace  conventional  methods  of  irradiation. 
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Table  1. — The  effects  of  tepa  on  Plasmodium  p;allinaceum  in  Aedes  aeg,y]d;i  when  the  mosquitoes  were 
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